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CMBRYOGENESIS, CULTURE AND DESCRIPTION OF THE FREE-LIVING STAGES
OF TWO NEMATODE PARASITES OF THE NORTHERN HAIRY-NOSED WOMBAT

(LASIORHINUS KREFFETH) (VOMBATIDAE; MARSUPIALIA)
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NMasuprala) Leams: Ko Sve- S Aust 125 00 57-63 31 May. 2001,

Faceal pellets were collected from the only éxtnt population of Lasioehinws kel e nonthern hiry-nosed
wambat, at Epping Forest Ratwmal Park, Central Queensland, Nematode eess und larvae, oxtrcted [rom these
pellets, representing 24 h swmples From the wl host pepulition, were cultured i the laberatory. The cops, all
presumed o he Qasopfuigostomoides eppingensis horched us first-stage rvae atter 19— 2305 ki distlled waler
al 257 ¢ The optimum temperaiure o Tarvad haieh o faecat enltore swas 260 €0 AT Bievac had moubied (o
seeond-stige by day 3 amd o thied stage sheathed urvae By diy 5. Third=stage Steone vloides sp lavae. smaller
D larvie GF S, spedred oecurring i Vonthatos wrsaiis the compmon wombil, were also found in the cullures.,
The developmentul stedegies of O gppingensis lree-lving stges, oplimum temperiamre (o hatehing and
anprofected st and second-shige Tarvae, are congruent with those of stongylid species natives L lemperiie
regiony outside Australia bue nor (hose of the Awstradian strangyles Fvpedonnis wacropr. Rugopheryn
sosiariar Labusteentglus elgenit sod Clogcing sonlis, all of which have protected second-atage Tavae i
in the casie of the Tateer two spécies protected rst=daee Toryac also.

KOy Wamos: Lastarhings krefiti, wombsl. Qesoplagosiomatdes eppinpensis, Strangvloides sp.. nematode

lite-cyele, Iree-livimg stiges,

Introduction

Lastorhinus Kvelftic (Qwen, 18720 (Vombatidae:
Marsupialia) the northern hairy-nosed  wombat 15
now restreted o single population of aboul 03
individuals in Epping Forest Natonal Park (EFEN{)
120 kin narth west of Clepmont (220 19" S, 146 477
), Central Queenstand (Crossman ¢f cif, 1994).
Allhough (his species was previously distribuored
thraugh Quneensland.. New South Wales and across
the border o Victoria, the present reduction in
range and numbers s thought w iave oceurred over
the past 120 years (Taylor e¢f al, 19940, The northern
hatry-nosed wombat s listed as critically endangered
(Maxwell er el 1996) and u Recovery Phim is henig
manaeed  throogh  the Environipent Protection
Ageiicy of Queenshind (Horsup 19991),

The wombials vccupy o single hurrow system.
series of Targe burrows arringed i loose clusfers
along (he banks ol a sandy  golly  (Johnson &
Crossman 1997). These ammals Spend 2 - 6 h, only
aenightoabove pround. Burrow entrances are mirked
with piles ol fresh taceal pellets with sinaller piles
deposited along the paths between the burrows bt
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not elsewhere (Johnson & Crossmn 19971, Fresh,
that s sull maist, pellets callected from the burrow
systen at dawn caa therelore provide a 24 h sumple
from the total extunt population of the wombat.

I'wa species of  gastro-intestinal  nematode
Oceyaphagostomoides eppingensts Smales. 1994
(Strongylida: Swongylidae) and Stremayloides sp.
(Rhubditici: Strongylowdidae) have beern found in the
northern  hanry -nosed  wombat  (Smales 1998
Gerhardt e al. 20000, OF these twa species anly one.
O, eppingensiy, produces edos that pass ot with the
facces. Any cegs eatrcted rom wombit fueces col-
leeted Trom EPNS wre therelore probably eggs of 0.
CppIngensiy

Duning 1996 and again in 1999 the apportunity
arose 10 colleet fresh taccal samples from the wom
bat population in EFNP This activily wis sunctioned
by the Recovery Team, Trrom these sumples we were
able both 1o isolale nemalode eges and cultre larval
nematodes. This enabled us 0 investigate the
embryogensis and hatehing of cggs of Q. eppingen-
sy and o determine the norphology of O eppingen
G and Seeongylofedes sp, Lgviae,

Materials and Methods

Fresh faecal petlets. collected from EFNP in June
and August 1996 and August and Sepiember 19949
were transported o Rockhampton on ice and stored
a4 O Bges for embryological study were extret-
cd Arom small winounts o Beecal material (hat hud
been sedimented with distilled water: Filteen eggs
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were measored, placed e temging dreops, held al
rocm temperatnre (25° Gy abserved hourly using iin
Olywpuy CH3 dilTerential mterference nticroscope.
and photegraphed,

The number of eges per gram ol Taeces n the pel-
lets was determined by the standird MeMasler tech-
nigues. Faceul cullures were then established nsing
I w facces, | g activated chareonl (8 mm dimmerer),
S and wader and S drops 49 Nystatin, placed on Tilwer
paper in Peui dishes, Preliminary trials were camied
ontin 1996 and culiures were set np at 18°. 227,267
and 28 C for seven days in 1999 The larvae col-
lected were exantined live in water or after killing in
hot 704% ethonol and clearing in o mistee ol 70%
ethanol and glyeerine and being lett antil the aleohnl
liad evapormed. Larvae were differentisied  into
strongyloidid and strongylid Torms and the wial
nuimber ol strangylids hatching aller seven diys,
cach wemperinure, was recorded.

Sia strongylid Tarvae were weasured an hinching
from the anging deop preparations deseribed above
First-staee strongylid farvae, collected from a laceal
cultue one diny atter its establishment, were tvins-
ferred fnto o Pewri dish and waintained in i inculor
Al 28 C Tor Tour diys, Ten Jaevae were recovered ind
measured on establishiment ol the culwres aod w Tur-
ther 10 farvae were removed und meatsured cach iy
tor the next tiree doys,

Wesulty

By the time the cggs had been transparted from
EENPE, extravied from Taccal pellets and esiublished
in hanging diops, embryological development had
already  commenced, with the anbryos having
reached aboul 9 16 cell stage. Eggs measured 79 -92
(88) pan by 42 31 (463 pin. The stages of develop-
ment are shown in Figs boand wime chart ol the
sequence is given o Table |
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Etongation of the embryo begim at wbout 9 I, te
Evilorm embiyo began actively moving alter 10 h,
the oesaphagus was clearly visible afier aboui 16Y: h
and tie inmestine canld be dilferentiated from 18
Hutehing as first-stuge larvaie vecurred atter 19
23 W Hutehing involved the laryvi Lvisting actively
in o continuons figore-ol-cight patern followed by a
pulsiting movement against the side of the ega, Mhis
pulsuting was associated with a bulge in the ege-
shell Ioliowed by the shell rupturing and the Lava
cmerging us a first-stage Tarva head or Ll first, The
hattehing process ook 2 10 i,

Results from the prelimimary iy indicaed th
hitching vecurred suceessiully between 187 and 307
C bnnot at 4 CThe cumulative aumbers ol aenk
todes that lad Iteched atter Tour days in Taeesl cul
ture are given, as the pereentige hiteh, in Fi. 20 and
were conmpared among the four femperature treal-
menls nsing a Chi squared 2 5 4 contingeney table
anstlysis al the propostion of - hatched  versus
anhatehed. There was o signilicant dilference wveng,
treatiments (o= 4749, P < 0.000), 5o an iterative o
posteriort analysis was done by progressive removil
ol the muost exteme treatment group. The resulls ol
this unalysis showed there wis no difterenee in the
proportion hatehing at 18 ar 22 C (7 = 0.27. NSO,
but e propotion batehing differed significantly
among Jemperatures ol 18, 22 and 28 ¢ (with «
smaller proportion hatehing at 287 Coy?y = 1172, 1<
001y and ulso imong temperatres 18, 22, und 267 C
{with w Larger proportion hutehing st AR 8=
20.36. P< 0.001), Fiaally. there was o siglicant dif-
ference helween 26 and 28% O an the proporhon
hatehing (24 = 1231, P< 0.001). Taken together,
thewe tests differeniiated three siatistically signiliciint
gronps, Flatehing was lowest at 287 C, intermediale
al 18 and 22° C, and higher than botly ol these proups
al 26° C.

Although during collection, lrunsport and storage

UANE L Fime ¢ hoit of devedopmental sequense of Oesopliaigostonoides eppingensss eews koptin agiue drops of distilled

Weelewra) 23 C
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tarula

climgation hegins
venmiforot cmbrya
moulh visible

eesopliigos visible

embryo 3 length of epg
mitestine well detined
Isnching

Sehowrl ol Vewrtnwy Sciemce £ 1998 Labowatory Mongal tin
Viteeinaey Tanasitotagy. University ol Metboaone @b,
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Fig. 1. Oesophagostomoides eppingensis eggs Kept in hanging drops in distilled water at 25% C. A, Atter 4 hours, B, After
5 bours. C. After 7 hours, clongation beginning. D. After 9 hours. E. After 11 hours. larviform embryo. elongated to twice
the length of the egg, now active. F. After 13 hours, ocsophagus forming. G. After 15 hours. lurva about three times tength
of egg. H. Alter I8 hours, intestine visible, L. After 20 hours, heginning to hatch. Arrows indicate developing mouth. Scale
hars = 20 pin.
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Fig. 2 Percemage ol Ocsophagosionides eppingenss
cags harvested as larvae from faecal coliures held o g
range of temperaares for 7 days —e—e— = |8° ("
—R—BR— =22 —¢——=20"C,  y—4— =
287 €. N= the number of egas hwched for cach
ireatment,

faecal peltets were kept moist al about 47 C, the time
m storage iy have affected the viabihity ol the epgs
und hence the overall elatively fow hatching rate ol
atl temperatares. Futher, the logistics ol the exercise
preciuded both the colfeetion of Lirge anwunts ol
material at any ene time and multiple callection
events, Notwithstinding these limittions, an inlor-
nutive sel of dala has been collected.
Measurements ol the strongylid larvae dare given in
Table 20 Al arvie had moulted to secomd-stage by
dhiny 3 and to sheathed third-stage by day § (Figs 3 &
4). Belore moulting the Jarvae attached themsetves
to the substrate by the antetior end. Swrting from the
posterior end, the cuticutar sheath beeame loose i
the Larvi wrigeled backwards until it was Tree, Teav-
g the sheath Birmiy atachern! w the substriate, These
Tarval sheaths were detected in the culture on day 3.
Althangh monlts 10 third-stige were not observed.
some cuticulurisation of” the buccal region and
ereater delinition of the lipy was apparent by day 3.
A small genital anlage could he seen in the thind-

stage Larvae,

Alsoderected in all faccal culiures an day one wus
g number ol larvae with rhabditifonin oesophigos
morphelogy amd by day Tour, Torms with g loog Nilar-
orm ovsophugs wnd s notehed il typical of inlec-
tive farvae ol species of the genus Strengvloides.
were also upparent. These Lirvie were 425 =470
Tong with the oesophagus 200 = 230 pm long, the wil
A0 - 38 g Jong and the genitd anlige 240 - 200 pin
framtthe anterior end (Fig. 5).

Discussion

The Austrulim strongylids swdied thus [ar, have
Tree-living fwrval stages that retain the cuticle ol pre-
vious  moults o sheath  subsequent  stapes,
Rugopharyny vomnariae Beveridge & Presidente,
1978 wd Hypodonhes stacayn Monnig, 1929 hoth
hatele as first stage larvae and retain the sheaths of
the Jipst and seeond pioults, so thid (e second-stage
Tuevitis shemhed and the third-stage Larva has o dou-
hle sheath (Bevertdge & Presidente 1978: Beveridee
1079). Labinstrongyvlies epgenii Johnston & Mawson,
1940 hatehes as o seeond-stage sheathed larva and
moutls o i Third-stage doable steathed  Larva
(Smales 1977y and Cloocing similis Jahnston &
Mawson, 1939 hutcheys as o hird-stage double-
sheathed larva (Clark 197 1),

By contrast (. eppipgensis lurehes os s lest-stage
unsheuathed Lirva and vetsins only the second-stage
cuticle a5 a single sheath around the third-stage
Jarvi. These differences in stuge ol lutehing are
reflected in the time taken from the beginning of
embryagenesis (o latehing, 19 = 23 b For (. eppin-
eensis, 12 W for Ho macropt. 20 = 40 h Tor K, ros-
marine and 67 114 0 Tor 1. engenii (Snudes 1977:
Beveridge & Presidente 197%: Beveridee 1979), The
time Q. eppingenusts ok to haieh and then develop
to third-stage sheuthed Jurva (4 days at 287 C) is con-
sistent with the lite eyele patterns given by Andersim

TauLl 20 Measnrentenis (g of Ocesophagosimueides oppiigensis e distilfed swaner cabure of 257 C. Ten larvae were
rensved mud ensured cach day. The vinge is Tollowed hy the mean.

Day Larval Stage Lenpth Width Ocsophugus length
0 1 277 - 323(292) 22-27(249) A% = T7 (04
1 | 325 - 305 (344 1Y - 25(22) 73— K3 (7%
2 | 355 =38R (309 21 =272 B~ 0§ (03)
3 2 384 416 22-28 (25 93 - 103 (981
+ 2 438 — 4062 (45t iy — A (38 CAR RN A (IR}
5 3 491) - 545 (328} 28— (3 19 — 132 (128}

Cearc D (I 0 A preliminary investigiion into thae Trecddiving
stages O war nermaionde pariaties ol the Kanegem [sLind Wallyby
Mae g vpgenddt: B8O (Lhmst "Mwesis, The Wity of
Audelagde Cimpuly ).
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Fig. 3. Ocsophdgosiomoides eppingensis Tarval developmeat when cultured i distilled water at 257 ¢ {or 4 days. A.
Hatching. B. Firsi-stuge larva, day 1. C. Second-stage larva. day 3. D. Third-stage larva, day 4. Scale bars = 40 pm A -

C; 70 pm b.

(2000) for the superfamily Strongyloidea, v which
Oesophagostonmoides belongs.

The process of hatching, including increased larval
movement. for O. eppingensiy follows Lthe basic pat-
tern suggested by Bird & Bird (1991) as common o
all nematodes. The escape of the larva hy mechani-
cub disruption ol part ol the egg shellis similar to that
described Tor L. engenii (Smales 1977) und could
therefore also involve enzyme action o ellect a
change 1n permieability of the cgg and increase plas-
ticity of the shell (Smales 1977).

Exumination ol eggs and larvac confirmed previ-
ous suggestions (Smales 1994 Gerhardt ef ad. 2000)
that only two species of intestinal nematode oceur in
L. krefftii. Measurements of eggs in this study (88 —
92 um x 42 = 50 pym) are consistent with measure-
ments of egas of O. eppingensis und full within the
size range of eggs of other intestinal nematodes

ocewrring in wombuts (Beveridge 1978). The range
of temperatures at which egg hatching occurred, 18-
30° C is consistent with that recorded for other
strongylids. For example, the eggs ol Chahertia
oving (Fabricius, 1788) hatch between 6 und 36° C,
Strongyhus vielgaris (Looss, 1900) between 8 and 397
C, Oesophagosiomun colunbianunr Curtice. 1890
between 15 and 37° C and Castorstrongylus castoris
Chopin, 1925 between 18 and 25° C (Anderson
2000). Given the hot, dry climate of EFNP, we
expected thut the optimum temperature for hatching
would have been at the high end of the runge such as,
for example, 30° C recorded Tor S. volgaris and O.
columbianum (Anderson 2000). The optimum was,
however, 267 C, & temperature reported s optimum
lor C. ovina and close o the 25 C optinum report-
ed for u number of strongylids, such as Ostertagia
ostertagi  (Stiles, 1892), Trichiostrongylus  axel
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Fig. 4. Oesophagostomoides eppingensis free-living stages. a. First-stage larva. b. Second-stage lTurva. c. Third-stage infec-

tive larva. Scale bar = 50 pm.

Fig. 5. Strongyloides sp. Free living stages. a. Rhubditiform first or second-stage lurva. b. Filariform third-stage infective

larva. Scale bar = 50 pm.

(Cobbold 1879), Syngamous trachea (Montagu,
1811) and Aacviostoma caninum (Ercolani, 1859),
found in temperate climates (see Anderson 2000),
One possible explanation is that eggs might go into a
state of arrested development at high temperatures,
as has been reported for the eggs of animal parasitic
and plant parasitic nematodes (Waller & Donald
1972; Bird & Bird 1991), to ensure survival.

Of the three morphotypes of larvae found in fuecal
cultures, the first morphotype was a typical
strongylid. No obvious differences in size, growth
rate or morphology of this type were deteeted during
culture, lending weight to the presumption that these

larvae represented a single speeies, namely Q. eppin-
Lensis.

The other two morphotypes could clearly be des-
ignated developmental larval stages of species typi-
cal of the family Strongyloididae. Although both
genera Parastrongvloides and Strongyloides occur
in marsupials, only a Strongyloides species has been
reported  from  vombatids  (Skerrat  1995).
Consequently these larvae are presumed to be
Strongyloides sp., possibly S. spearei Skerrat, 1995,
oceurring in the common wombat (see Skerrat
1995). The infective larvac we found., however,
were smaller (mean lengths of 445 pm compared
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with 529 pin) with a shorter ocsophagus (210 pm
compared with 236 pim) a shorter il (47 pm cor-
pared with 79 pm) and with the gemtal anlage clos-
or Lo the anterior end (277 pm compared with 324
pin than in 8 spearei. They may, therelore. he

either a distincl species or represent o population nf’

smaller worms than populations ol S, speared Trom
the common wombat, A mare detatled examimation
of all stages of the life eyele, partcularly by cuttui-
ing farvae through (o adults, 15 needed bhelure (he
spectlic status of the Spongylodes sp. from the
northern hairy-nosed wombin can be determined,
The hatching of Lo eweenit as o sheathed second-
stage larva was thought by Smales (1977) (o be a

Neither this strafegy nor a prelerence for higher
temperatwres for hatching success has evolved ).
eppingensis. Moniloring  for the  presence off
intestinal helminths in the EFNP population througl
1996 (Gerbhardl e/ al. 20000 has shown that O
cppingensis is present throughout the year. Larvace
must. nevertheless. be sufficiently robust to survive
the hot summers and dey winters typicil of Central
Queenslund. Further work s necded 1o determine
the level ol heat tolerance and responses (o
desiceation ol €. eppingensiy and how they relate 1o
the life-cyele strategies of the parasite. A better
upiderstanding of the dynamics of fhe free-living
stuges  could  be  wselul when  developing

protective response o the potential for desiccation of muanagement  strategies Tor the wombat  host
ceasund larvie under Australian climatic conditions.  population.
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